Objective: The present study examined the benefit of rapid alternation of EEG and fMRI (a common strategy for avoiding artifact caused by rapid switching of MRI gradients) for detecting experimental modulations of ERPs in combined EEG-fMRI. The study also assessed the advantages of aiding the extraction of specific ERP components by means of signal decomposition using Independent Component Analysis (ICA). Methods: 'Go-nogo' task stimuli were presented either during fMRI scanning or in the gaps between fMRI scans, resulting in 'gradient' and 'no-gradient' ERPs. 'Go-nogo' differences in the N2 and P3 components were subjected to conventional ERP analysis, as well as single-trial and reliability analyses. Results: Comparable N2 and P3 enhancement on 'nogo' trials was found in the 'gradient' and 'no-gradient' ERPs. ICA-based signal decomposition resulted in better validity (as indicated by topography), greater stability and lower measurement error of the predicted ERP effects. Conclusions: While there was little or no benefit of acquiring ERPs in the gaps between fMRI scans, ICA decomposition did improve the detection of experimental ERP modulations. Significance: Simultaneous and continuous EEG-fMRI acquisition is preferable to interleaved protocols. ICA-based decomposition is useful not only for artifact cancellation, but also for the extraction of specific ERP components.
Introduction
Blood oxygen level dependent (BOLD) fMRI and EEG are the most widely employed non-invasive measurements of brain activity. BOLD fMRI, which is sensitive to local blood oxygenation, has the highest spatial resolution among all non-invasive functional imaging techniques. However, the discrepancy between the timescale of neuronal processes (of the order of milliseconds) and the time-scale of haemodynamic processes (of the order of seconds) is a fundamental constraint on the ability of fMRI to resolve functionally relevant neural activity in time. In contrast, EEG is capable of high temporal resolution measurement of electrophysiological processes, but the spatial localisation of that activity is severely limited by the 'inverse problem'-determining a (high-dimensional) intra-cerebral distribution of local field potentials from a (low-dimensional) distribution of surface voltage measurements.
To attempt to 'get the best of both worlds', researchers have combined measurements of EEG and fMRI in cognitive paradigms (Bénar et al., 2007; Debener et al., 2005; Eichele et al., 2005; Liebenthal et al., 2003; Mantini et al., 2009; Mulert et al., 2004; Strobel et al., 2008; Warbrick et al., 2009 ). Although such concurrent acquisition of non-invasive brain activity measurements of high temporal resolution (ERPs) and high spatial resolution (fMRI) is promising, it is also challenging, because of the effect of integration on data quality. The effects of the EEG apparatus and electrode gel on MR/fMR image quality seem confined to the immediate vicinity of EEG electrodes, leads and gel (Iannetti et al., 2005; Mullinger et al., 2008) , particularly at the most commonly used MR field strengths of 1.5 and 3 T (Mullinger et al., 2008 
